The determination of action spectra for biological photoreactions requires that large areas be irradiated uniformly at high intensities and with narrow band widths for the resolution of spectral details: When the material is changing irreversibly with time or when long irradiation periods are required, it may be necessary to irradiate samples at ten or more different points in the spectrum simultaneously. This excludes use of the conventional single-exit-slit monochromator and requires a spectrograph with a series of wide slits arranged in the focal plane of the spectrum. The necessity of both high radiant power and narrow band width are difficult to meet with the prism or grating spectrograph. These instruments are capable of producing band widths of a small fraction of a millimicron but the intensity of the beam falls rapidly as the waveband is decreased. Large prism (8) and grating (7) spectrograph systems using 5 to 15 kw carbon-arc sources have been described for the simultaneous irradiation of relatively large objects with monochromatic energy at many wayelengths. The band width of such systems is usually from 5 to 20 m,u when the radiant power is sufficiently high.
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The properties and application of these systems have been discussed elsewhere (14) . The principal practical limitations of the spectrograph system are: 1) the large space required, 2) the unequal irradiance distribution over the spectrum, and 3) the cross-scattering of energy between wavelength stations. Because of the magnification required of the optical system, it is necessary to project the beam over relatively large distances of 5 to 15 meters. The relative intensity distribution between the various wavelength stations is arbitrarily determined by the spectral energy distribution of the source and transmission of the spectrograph. Therefore, it is not possible to obtain an equal irradiance or equal quantum-intensity spectrum. While this is not always essential for action spectrum studies, it is certainly desirable for convenience of analysis and interpretation of results. It is especially desirable for biological svstems for which reciprocity does not hold.
The interference-filter monochromator presents several important advantages over the prism and grating instruments. A system of 10 or 20 wavelength stations can be placed in a relatively small constantcondition room. The spectral bands can be completely isolated in small cabinets and the intensity of each wavelength station adjusted independently by electrical control of the source or by neutral density filters so as to produce an equal irradiance or equal quantum-intensity spectrum. The system is simple optically, does not require high quality optical components, and is much easier to adjust than grating and prism instruments.
The interference-filter monochromator system to be described has been developed for the determination of action spectra in plants and for kinetical studies where it is desired to irradiate the material with high intensities of monochromatic energy of high spectral purity.
CHARACTERISTICS OF INTERFERENCE FILTERS
The monochromator system uses 50 mm x 50 mm second-order transmission interference filters of the Fabry-Perot type. These filters have been discussed in several papers (4, 11) and manufacturers' brochures (1, 10) . Therefore, only those properties of the filters which are of special importance in the design and use of the monochromator will be discussed here. Interference filters are now available from 340 to 1000 mu in at least 10 mu steps.
The transmission interference filter rejects the untransmitted energy by reflection; consequently the rejected energy is not absorbed and the filters with cemented cover glasses may be used at temperatures up to approximately 80°C. The Fabry-Perot interference filter consists of two semi-transparent layers of silver separated by a very thin layer of a transparent dielectric material. The filter has transmission bands where the equivalent thickness of the dielectric layer is an integral multiple of a half-wavelength. Therefore, the filter has a first-order transmission band at the wavelength at which the equivalent thickness is one half-wavelength, a second-order band at two half-wavelengths, a third-order band at three half-wavelengths, and so on. The various orders of the transmission bands occur in approximate wavelengths is important since the transmittance eurve of an interference filter is sharply peaked (fig 1) and a divergence of several m,u between filters in tandem often decreases the peak transmittance considerably below that which normally would be obtained with perfect matching. It is seldom possible to obtain filters with dominant wavelengths matched to closer than 0.3 % of the dominant wavelength, or 1 to 2 m,. Even a 2-m,u mismatch will cause the halfwidth of paired filters to be equal to or larger than that of a single filter. Therefore, the principal advantage of using filters in tandem is the very great redtuction in leakage of energy outside of the band pass.
LAMP SOURCES Suitable sources include the projection-type ineandescent lamps, the medium and high-pressure mercury arcs, ancd the zirconium, xenon, and carbon arcs (12, 14) .
The most useful incandescent sources are an interchangeable group of projection lamps having medium pre-focusing bases and a distance from the base to the center of the filamenj structure of 2 condenser and the interference filter, F2 (13) . Because of the relatively great depth, d, of this filter (10 cm in fig 3) , the effective image distance is appreciably increased (6) . Formulas used for calculating the image distances are given in figure 2. It will be noted that the increase in effective distance between the condenser lens and the source image is a function of the refractive index of the filter solution which is approximately 1.3 for aqueous filters. The upper formula gives the increase in apparent focal length of L2 in a two-lens condenser. The lower formula gives the increase in objective distance which would be obtained if a single condenser lens is used.
NIONOCHROMATOR UNIT
The complete details of a single monochromator unit with associated electrical circuitry and cabinet are given in figure 3 . In our laboratories we have (13) .
tt Cu = CuS04 -5 H20. Fe = Fe(NH4)2(S04)2 * 6 H20. Salts prepared in 1 % sulfuric acid.
ten of these units mounted on a long table in a conlstant-condition darkroom. They are powered from a single voltage regulator and the whole system is controlled by a time switch. The ten-station system is designed for the irradiation of small leaves and stems. These are arranged in a circle in a 150-mm-diameter dish, D, centered on the emergent beam.
The filter system consists of four or five components, depending upon the region to be investigated. The first supplemental filter, F1, is water or an aqueous solution of ferrous ammonium sulfate or copper sulfate, in an all-glass filter cell of 10 cm internal length. The properties of these filters have been discussed (2, 5, 9, 13, 14) . This filter is cooled by a small hairpin loop of 1/8 inch silver tubing. Fine silver is used because it is very ductile and not reacted upon by salts of copper and iron in the presence of free acid. The interference filters, F2 and F4, and the gelatin filter, F3, (3, 13) are mounted in a half-inch aluminum plate. The neutral density filter, iNF, is useful for obtaining very low irradiances.
The filter, F5, absorbs stray flux and is only of value under certain conditions. For determination of a red-sensitive response in the green, blue and ultraviolet, the filter, F5, is a solution of copper sulfate. For a blue-sensitive biological system, a yellow filter is required. The window, Fe, is essentially a far-infrared-absorbing filter of lucite and prevents air, circulating from the blower, BL, from entering the irradiation cabinet. Warm components produce longwavelength infrared which can cause appreciable deflection of a thermopile and often is confused with the energy transmitted by the filters. This annoying property is practically eliminated by a 1/4 inch plate of methacrylate plastic such as plexiglas or lucite (14) .
A listing of the supplemental filters for use with tandem interference filters is given in table I. For wavelengths longer than 520 m,u, long-wave-pass gelatin filters with sharp cut-off are indicated, with band pass filters specified fQr the shorter wavelengths. In general, the selection of supplemental filter combinations was made so as to produce as narrow a band pass as possible, consistent with reasonably high transmittance.
With two interference filters and a 750w lamp, the monochromator of figure 3 will irradiate an object 20 cm in diameter with 5 to 20 /Aw/cm2 at any point in the spectrum from 365 to 800 m,u and with a single filter, 20 to 100 'uw/cm2. A larger monochromator unit has been designed for a 7-kw condenser-type rotating carbon arc. It employs 6-inch diameter condenser lenses. This system produces irradiances in the red of 300 Uw/cm2 with double filters and up to 2000 /Aw/cm2 with a single filter. When properly adjusted, both the small and large units produce a variation of about ± 10 % in intensity over the 20-cm diameter aperture. By arranging the material to be irradiated in a circular pattern, the variation in irradiance can be kept very small. The spectral resolution of the system is adequate for resolving spectral details separated by 10 
